A SOLID-STATE PROGRAMMABLE DIGITAL CLOCK

by

S. Chalasani and B. J. Flaherty

August ES67

Sponsored by
National Aeronautics and Space Administration

f Washington 28, D.C.
NsG 24

Technical Report No. 30

lonosphere Radio Laboratory

(THRU)
(copg,
(cfregon

Electrical Engineering Research Laboratory

- O,

B

. Dz Engineering Experiment Station
: 7]

CN|E ] ] _

| S.Qﬁ University of Illinois
e £ k}

s Urbana, I1l1linois

O

r
¥

J

2
9 WHOS t1iqi5y,




A SOLID-STATE PROGRAMMABLE DIGITAL CLOCK

by

S. Chalasani and B. J. Flaherty

August 1967

Sponsored by
National Aeronautics and Space Administration
Washington 28, D.C.

NsG 24

Technical Report No. 30

lonosphere Radio Laboratory

Electrical Engineering Research Laboratory
Engineering Experiment Station
University of lllinois

Urbana, I1l1linois



ACKNOWLEDGMENT

The authors would like to express their sincerest thanks to Professor
K. €. Yeh for his good counsel, support and encouragement.

Thanks are extended to Mr. A. Szelpal who built the chassis and other
accessories, Mrs. MacNab who typed the report and to the drafting department
for their assistance in providing the final drawings and illustrations for
this report.

This work was sponsored by the National Aeronautics and Space Adminis-

tration under Grant NASA MES 24,



vi

LIST OF ILLUSTRATIONS

Figure Page
1. Transistor vs Relay 4
2, Realization of f using AND and OR Gates 11
3, Realization of £ Using NAND Gates 12
4, Preset Logic (for both ON and OFF settings) 13
5., Automatic Change of Time from 2359:59 to 0000 :00 15
6. Setting of Clock 16
7. Flip—F!op Used in Setting of Clock (see also FF, and FF,

in Figure 6) 17
8. Decade Counter SN7490N 20
9a. Output Wave Forms of the Decade Counter 26
9b. Output Wave Forms of the Binary to Decimal Decoder 26
PO. NL-M200 Readout Tube Decimal Counter/Driver 28
11. NIL-ML1OO Decoder/Driver 30
12. Inverter 31
13. Division by Six Using an AND Gate 32
14. Division by Six Using the Decimal Output 34

15. Dpigital Clock Block Diagrams with Preset Switches (see alsc

Figure 18) 35
16, Detailed Block Diagrams of the Preset Logic and of the

Decoders (see also Figure 15) 36
17. 5v D.C. Power Supply 37

18. 200v D.C. Power Supply and the -6v D.C. Power Supply 38



ABSTRACT

Laboratories such as those engaged in recording data from satellites have
long felt the need for a special purpose, programmable, accurate and reliable
digital clock to automatically record their data at preset times. Such a
solid-state digital clock has been designed and actually constructed to have
four ON settings. When the preset ON time coincides with the indicated time,
the clock outputs a 4.5 volt pulse of one minute duration to operate the re-
cording equipment. A separate timing motor determines the duration of the
data recording. The clock has been built with a 200 Kiz oscillator (long
term stability + 1 X 10_6 per day), integrated circuit decade dividers, de-
coders, NAND gates, transistorized AND gates, flip-flops, etc. It has been
shown how the design can be extended to include four corresponding OFF settings
to control the duration of the recording time. It has also been shown that,
theoretically, the ON settings on the clock can be increased to a maximum of

60 or alternately a clock with 30 ON settings and 30 OFF settings.
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10A - 11 Programable digital clock indicating 23 hours
59 minutes and 59 seconds.

7A - 8 Programable digital clock with front panel open
for access to circuit cards.



1. INTRODUCTION

In most systems which collect data or record events, it is desirable to
have a general purpose clock from which the real time of day may be read or
outputed. The clock also should be able to start and stop recording the data
at a number of previously preset times during a day. The object of this pro-
ject is to design and build a reliable electronic clock, to indicate the time
of the day up to a second and to have four presettings. When the clock's
time coincides with one of the four preset times, a pulse of one minute dura-
tion is outputed from the instrument. The instrument is built specifically
to operate the satellite data recording equipment at the Geophysical Observa-
tory at the University of Illinois, but its capability is more extensive.

Electronic clocks may be divided into five classes: (1) those in which
an impulse is given directly to a pendulum or balance, (2) those in which an
escapement or pendulum is driven by a spring or weight alternately liberated
and wound electrically, (3 those driven by alternating current synchronous
motors, (4) quartz crystal clocks and (5) atomic clocks.

Since the first two are no longer being used, they are of historical
importance only. Synchronous motor clocks are being used where accuracy and
reliability are not very important because of their dependence on the supply
frequency. Crystal clocks are used mainly as secondary standards in laboyra~
tories; their stability approaches & 1 X 10_10 per 24 hours (Heéwlett~Packard,
1967). Atomic clocks are used as primary standards. They are expensive and

complicated with a stability = 1 X 10-':Ll per 24 hours.



-1 Synchronous Motor Clocks (Wize, 1948)

Synchronous motor clocks have a steel rotor, The steel chosen has appre-
ciable magnetic hysterisis. The rotor as mounted between the poles of an
electro~magnet energized from the alternating current supply. The direction
of the E.M.F. is reversed twice in &very cycle. As the current changes, the
magnetic flux changes. The rotor of the synchronous motor follows faithfully
these changes. If it is a2 two-pole wolor, the rotor completes half a revolu-
tion at the first positive half of the wave and the remaining half revolution
in the négative half of the wave. Hence, ths speed is 60 X 60 = 3600 rpm
(for 60 c/s supply) due %o the magnetizing and demsgnetizing of fhe alternat-

ing field of the embracing stator poiewg. In genéral the gynchronous speed of
=4

a motor is where £ is the supply frequency in Hz and p is the number of

poles. The synchronous gpeed of the motor is 1 geared down to the reguired
speed by worm and pinion drive to run the time indicatcrs. The main disadvan~

tage of using the synchronous motor clock as a standard is ifts dependence on

supply frequency. Usually the clock is run from the A.C. mains whose supply

frequency may vary from 58 cps to 62 c¢ps, and hence indication time would
vary.

The clock, now in operation at the Geophysical Observatory at the Univer-
sity of Illinois, uses transistorized fiip-flops %o count down from 1536@ Hz

(crystal oscillator) to 60 Hz which feeds a synchronous motor Through a power

amplifier. The synchronous motor rotates a constant 3600 rpm which is geared
down to 1 rpm and drives a cam mechanism. The cam mechanism sends out one

pulse for each revolution. This pulse, inm turn, steps & series cf steppl

3

g

switches. The major disadvantage of this clock i3 the use of relay stepping

switches since they are not reliable.



With the advent of the semiconductor,

is found to be more reliable than the rePay.

the use of a transistor as a switch

This can be seen by comparing

their performances as switches in the following table (see also Figure 1).

Table 1 - Performance of Relay vs Transistor

Relay

Transistor

1. Moving parts

Mot reliable as it has
moving parts that are
subject to wear.

More reliable as it has
no moving parts and there-
fore lacks mechanical
contacts that are subject
to wear.

2. Speed of opera-

Slow by a factor of

Operating time is reduced

RF spectrum which can
interfere with other
systems.

tion more than 1000 when -by factor of more than
compared to transis- 1000 compared to relay.
tor.
3. Noise Radiates noise in the No such noise.

4. Ratio of open to
closed circuit
resistance intro-
duced into the
load circuit.

Superior to transistor
as it approaches in-
finity.

Finite collector emitter
resistance when full ON
and leakage current when
full OFF make it infer-
ior to relay. This iIs
not serious in a proper-
ly designed circuit.

Besides the drawbacks of the stepping switches, the clock at the Geo-

physical Observatory becomes more complex as one increases the number of pre~

settings to more than two.

1.2 Crystal Clocks

In crystal clocks a crystal controlled oscillator serves as the basic

timing source.

Crystals achieve a greater degree of stability and accuracy
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Figure 1. Transistor vs Relay



at relatively high frequency. An accuracy of one part in 108 can easily be
achieved (lrwin and Jensen, 1966). The high source frequency is electroni-
cally divided, usually by decade dividers, to the required frequency. A
decade divider divides the input frequency by a factor of ten. In thecpast
tubes and then transistors were used to build decade dividers, Since the
advent of integrated circuits, integrated circuit decade dividers have been
replacing other forms of decade dividers because they are inexpensive, very
small in size and reliable over limited temperature and voltage ranges (Kham-
bata, 1965).

The use of integrated decade counters drastically reduces the actual
number of elements needed for the clock's implementation, e.g., only five
packages are needed to divide down from 100 KHz to 1 Hz. Both active and
passive circuit components in the divider are formed in the bulk material
and become an indivisible and unalterable part of this material, Intercon-
nection between various components are obtained by deposition of conductors
by thin-film technology or in some cases by ingenious juxtaposition of some
of the components within the bulk material itself, Input/output connections
are made by bonding thin wire leads to selected points on the surface of the
semiconductor slice representing the reguired nodal points of the particular
circuit configuration.

The advantages of using integrated circuits compared to other electronic
circuits are as follows:

1. Increased Reliability

In the past electrical connections have been one of the largest
factors contributing to reliability of electronic equipment. In

integrated circuits the number of point connections of conventional



type are reduced. The connections betwesp circuit components on a
silicon block are made by deposited intercomnecting patierns and
are inherently more reliable than individual discrete connections.
Increased Speed of Operation

The physical size of a system directly limits its operating
sped because of propagation dslay. Integrated circuits increase
the speed of operation since all the compenents are formed In the
bulk material and are closely interconnected.
Space

Integrated circuits occupy less space.
Cost

Initially, integrated circuits were expensive but as the pro-
cesses improved, higher yields broughi costs down. Currently, the
price of integrated circuits compares favorably with other types
of circuits.
Serviceability and Maintenance

It is impossible to replace a defective compeunent in an inte-
grated circuit, The entire circuit must be treated as a single
component, If a component is fauliy, the entire circuit must be

replaced by 8 known good compcznent circuit.

As the main purpose of this project was to build a reliable clock, inte-

grated circuit decade counters, decoders and gates were used in ItS construc—

tion.



II. DESIGN SPECIFICATIONS

The following are the design specifications to which the clock was
built.
1. Count Input
a) Input Frequency 100 KHz
Width of count input pulse > 50 ns
Width of reset pulse > 50 ns
Count advances from logic 1 to logic ©
b) Logic 1 Reguirements
Voltage: Maximum 5.5v
Minimum 2.2v
Current: Maximum 1 mA
Minimum 80 pA
¢) Logic O Requirements
Voltage: Maximum + 0.6v DC
Minimum - 0.6v DC
Current : - Maximum 3.2 mA

2. Power Supply Voltages and Currents

Voltage Current
a) 4.75 to 5.25v DC 1 amp (nominal)
b) =~ 6v DC + 10% 25 mA (nominal)
c) 200v DC + 10% 25 mA (nominal)

3. BCD Output of Counters
Code 1-2-4-8
4., Temperature

Onerating,oo C to 700 C



output Specifications
a) 4.5v pulse for cne minute duration at preset time.

b) Number of presettings at a time is four.



III. LOGIC DESIGN

According to the design specifications, the clock has to meet certain
logic requirements, The First requirement IS that the clock be provided with
four presettings. When the preset time coincides with the clock's indicated
time, a pulse oOfF one minute duration IS to be outputed. This can be accomplished
by the incorporation of the logic discussed in I1I.1. In Section III.2 it is
shown how the design may be extended to Include four corresponding OFF settings
to have control over the duration OF recording time, The logic designs for
automatic change of time from 2359:5% to 0000:00 ana for the setting of the
clock are discussed In II¥.3 and III.4, respectively.

I111.1 Preset Logic for ON Settings Orly (McCluskey, 1965 and Digital Logic
Handbook, 12686)

=
&
o

W represent 1/10 kours counter,

X represent 1 hour counter,

Y represent 1/10 minutes counter,

Z represent 1 minute counter,

U represent 1/10 seconds counter, and

Y represent 1 second counter.

Let W'x"y"z" represent the preset time for the ith presetting or ON setting.
Since four ON settings are required, i = 1, 2, 3, and 4, Let the coincidence
between the preset time and the indicated time be represented by logic 1 and

the not-coincidence by logic 0. At the ith coincidence, W'X'¢'z"' = 1; that is,

Since any Boolean function can be expanded by a canonical sum, we may

write T as
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Thus f is a minimal sum where fl’ £ £, and f4 represent the first, second,

2' 73

third and fourth ON setting times, When fi is one (outputs a pulse), the
ith ON setting coincides with the indicated time, and when fi is zero (no
output pulse or ground potential), the ON setting does not coincide with the
indicated time. The network shown in Pigure 2 using AND and OR gates iz one
way to realize the function f given by Eguaticn 1. ‘

Another way of realizing f iIs based on rewriting f usirg De Morgan's

Theorem:

FEE) (2)

- 1 1 1 ' . ) - . R
where fi = (w le z ) and tke bar indicates vhe complemsnt. The realizaticn
of f using NAND gates iS shown in Figure 3. Thiz is the logic that was used

in the clock’s construction.

I11.2 ON and OFF Settings

The logic in the previous section car be extended to include OFF settings.
Instead of having an output pulse of one mimute duration for each ON setting,
the duration of output pulse for each ON setting can be controlled to the
desired duration by including an OFF setting; that IS, when the OFF setting
coincides with the indicated time of the clock, the ocutput pulse ceases to
exist. To do this, one must introduce a memcry into tke logic circuitry; an

R-S flip-flop serves this function (Figure 4 is the block diagram).
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Realization of £ Using AND and OR Gates
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Figure 3.

Realization of f Using NAND Gates
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ON and OFF settings must occur alternately and at the ith ON setting; the

output of NAND gate nine (fON) iS one. The outputs f and beF ({output OF

ON
NAND gate ten corresponding to the ith OFF setting] are fed to the S and R in-
puts of a S-R flip-flop. The output pulse be changes the state of the FF from
zero to one which starts the data recorder, At the ith oFF setting, fOFF be-
comes one and the state of the FF changes from one to zero to stop the recorder.,

I11.3 Logic for Automatic Change of Time from 2358:59 to 0000:00

The clock should automatically change to 0000:00 after 2359:59 without
2400:00 being indicated. This is accomplished by using aa AND gate shown in
Figure 5. P and Q are the input terminals and F is the ocutput terminal OF the
AND gate. P is connected to the decimal output 2 of the decoder of counter ¥,
Q is connected to the decimal output 4 of tke decoder of counter X and F is
connected to the reset Pines w and x OF the counters W and £. When the indi-
cated time changes from 2359:59 to 2400:00, F becomes 1 and sets the counters
W and X to O. There is a time delay of about 40n secs (time deiay of AND gate
and counters W and X) for the cocunters to change from 2400:00 *o 0000:00. The
nixie indicators cannot respond during this brief time ad! cne can see only

the time changing from 2359:59 t0 0000 :00,

111.4 Setting of Clock

The clock can be set to any time using flip-flops, AND and OR gates.
The logic is shown In Figure 6, and the circult diagram OF the flip-flop is
shown In Figure 7. Setting the clock IS accomplished in the Following steps:
1. Set the switches corresponding to the first ON setting of the de~-
sired time. (This should be done about cne minute ghead OF the

desired set time,]
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Figure 5, Automatic Change of Time from 2359:59 to 0000:00
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Figure 7. Flip-Flop Used in Setting of Clock (see also

FF1 and FF2 in Figure 6)
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Push and release the SET button. This makes

When the SET button is pushed, the 1 Hz stops and a 10 kHz signal
feeds the counters Vv through W. Since B2 = 1, dividers 1 through
5 are set to zero.

When the set time coincides with the indicated time, the output of
NAND gate 1 is logic O (A1 = 0) and the clock stops counting.
When the time to which the clock is to be synchronized is reached,
push and release the RUN button. By doing this, the clock is
synchronized to the desired time. Since A2 = 1, B2 = 0 when the
RUN button is pushed, a 1Hz signal feeds the counters V through

W and the clock runs in its normal mode. The maximum time the

clock takes to reach the set time is about nine seconds.
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IV. ELECTRONIC DESIGN AND CIRCUIT DETAILS

The two types of flip-flops used in the decade counter SN7490N are dis-
cussed in IV.1. The operations of the various I.C. (Integrated Circuit)
components SN7490N, NLM200 and NLM10O are discussed im IV.2, IV.3 and IV.4.
The need for the inverters and the division by 6 are explained in IV.5 and
IV.6. The block diagrams and the different power supplies used are discussed
in IV.7 and IV.8. General references for the electronic design are (Hunter,

1962 and Millman and Taub, 1965).

1v.1 Digital Counter Logic (Najjar, 1964)

Six conventional types of memory devices are used ir designing digital
counters. These are R-S (reset-set), T (trigger), R-S-CP, D (delay type),
J-Kand J-K-CP flip-flop elements. The BCD decade counters (S¥7490N) used
in the clock's construction are the J-k-~CP and R-S-CP flip-flop types (see

Figure 8).

IV.1.1 Operation of g R=S=CP Flip-Flop

If It is assumed that Qt and Qt+1 are the states of the R-S-CP flip~flop
shown in Figure 8 at two successive time periods t and t+l, its properties
can be illustrated in binary form shown in Table 2. The first three columns
indicate all the possible combinations of sStates of the inputs R, S and CP
at any given time t. The fourth column represents the flip-flop states at

bit—-time t+1.
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Figure 8. Decade Counter SN7490N
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Table a - Logical Properties of R-S=CP Flip-Flops

Bi Time t Bit Time t+1
Rt St cP £ Qt +1
0 0 0 Q,C
0 0 1 Q1t
0 1 0 | Qt
0 1 1 P
1 0 0 Qt
1 0 I 0
1 1 l 0 l undeternined
1 1 l 1 l undetermined
i

The logical properties given in Table 2 can be summarized in a Truth

Table shown as Table 3.

Table 3 - Truth Table for R-S-CP Flip-Plop Operation

Qt Qt+1 Rt St Cpt
0 0 X 0 X
0 0 0 X 0
0 1 0 1 1
1 0 1 0 1
1 1 0 X X

X indicates either logic 1 or O
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From Table 3 the logical. properties of R-S-CP flipflop can be expressed

by the following Boolean equations,

O
i

- _—
R Q, + CPLStRt

and

IV.1.2 J-K-CP Flip-Flop

The J-K-CP flip-flop has three input terminale J, K and CP (clocked
pulse). The outputs of the FF are level outputs. The output state Q__,

for all combinations of inputs are tabulated in Table 4.

Tabla 4 - Logical Properties of J-K-CP Flip-Flop

Bit Time % Bit Time t+E

Jt Kt CPt Qt+1
4] 0 0 Qt
0 0 1 Q,C
0 1 0 Q‘t
0O 1 1 0

1 0 0 Q,
1 0 1 1

1 1 1 Qt

In order to determine the input conditions for beth J and K in terms of
Qt and Qt+1’ it is necessary to proceed in the same way as for R-S-CP flip-

flops. The results are presented in the following Truth Table.
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Table 5 - Truth Table for J=-K-CP Flip~Flop Operation

Qt Qt+1 Jt Kt CPt
0 0 X X 0
0 0 0 0 X
0 1 i X 1
1 0 X 1 L
1 1 X 0 X

From Table 5 the characteristic equation for the J-K-CP fiip~flop can be

written as

IV.2 Operation of SN7490N Decade Counter

The decade counter can be set externally to desired output levels by

assigning proper logic levels, presented in Table 6, to reset inputs ROI’ ROZ’

R91 and R92° These are input terminals of the two NAND gates and have been

shown in Figure 8. For counting}Rgl and Rgz are grounded, R02 is connected to

is connected to B,. The CP input of J-K-CP and R-S-CP flip-flops

v and ROl 5

ce

used in the counter SN74490N are sensitive only to negative steps.

In Figure 8 A, B, C and D ares level outputs of the counter. Output A
drives the CP input of the second J-K-CP fiip-flop and the CP input of R-S-CP
flip-flop; output D drives the J input OF second J-K-CP fiip-flop; output B

drives the CP input of the third J-%CP flip-flop. With R =D and S = 8132 =

BC, the J's and K's of first and third FF's are maintained at logic 1 whereas
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Table 6 - Reset/Count

Reset Inputs Output
ROl R02 Rgl R92 D C B A
1 1 0 X 0 0 0 0
i b X 0 0 0 0 0
X 0 1 1 1 0 0 1
0 X 1 B A 0 0 1
1 1 1 E 1 0 0 1
X 0 X 0 count
0 X 0 X count
0 X X 0 count
X 0 0 X count

J =D and K is maintained at logic 1 for second FF. The logic operation of
the decade counter for ten imput pulses is shown in Table 7.

At the first pulse, the second FF camnnot respond since A is a positive
step. At the second pulse, the second FF responds to a negative step at its
CP input and J =D = 1. At the fourth pulse, the third FF responds to a
negative step and its CP input since its CP = B. At the end of the seventh
pulse, the fourth FF's input states are S =1 and R = 0. At the eighth pulse
the fourth FF responds to a megative step at its CP and sets D to 1. At the
tenth pulse, the fourth FF responds to the negative step at its CP and sets
D = 0. Since there is a negative step at the CP input of the second FF, it

can set B to 1 if its J input is one. But by the time D = 1= J, there is
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Table 7 - Logic COpsration of

Birary Outputs

\Imput Pulse D C B A s D
4] 0 0 9 {0 | 9O 1
i 010610 1 0 i
2 0 O i D o]
3 0 G 1 116 i
4 0 1 O 910 i
5 i) i 0 1 0 1
5 V] 1 3 0 ; 1
7 9 1 i i3 1 1
8 1 0 o 10 ] 0
9 1 0 0 i 0 4]
i0 4] 0 0 |0 0 1
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no longer a negative step at sacond FFP., So B remains equal to 0.
We then have A = 0, B = 0, € = J, D = 0 and the counter is ready to start the

next cycle of counting. Figure 9z shows the output wave forms at A, B, C

and D for a count input of 10.

IV.3  Operation of NL-M200 Readout Tube Decimal Counter/Driver

The decimal numbers can be expressed in terms of the binary outputs in the

following way:

Decimal Nuxber Binary Ouiputs
0 8421
1 421
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Figure 9a. Output Wavwe Forms of the Decade Counter
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where 8, 4, 2 and 1 (8, 4, 2, 1) are binary outputs (complements)of the decimal
counter. The binary outputs become inputs to the respective transistors, as
shown in Figure 10, Corresponding to the decimal number satisfying the above
table. The transistors conduct only when the voltage equivalent to logic 1

is present at each of its four inputs. The collector of each transistor is
connected to the respective cathode of the readout tube.

The readout tube is a gas filled, cold cathode diede with multiple cath-
odes. Each cathode is shaped as a display character (decimal number) and has
a separate base pin electrical connection. When the transistor conducts, the
corresponding decimal. number has a path to ground and this causes the shaped
glow discharge. Thke "on" transistor is operated in saturation and the "off"

transistors are operated in a back bias state.

IV.4 NL-MIOO Decoder/Driver

The NL-M100 decoder/driver is used in parallel with the decoder driver
of NL-M200 to generate a decimal output. NL~M100 IS similar to the NL-M200
except that the decimal counter and the readout tube are not present. Since

Ebb is not needed in this case (no readout tube), VCc is applied through a
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load resistor RL to the collector of each transistor as shown in Figure 11.
When a logic 1 is present at each of the inputs of the transistor, the tran-
sistor conducts and the output is shown in Figure 9b. (Note that logic levels

are inverted.)

IV.5 Inverters

To have compatible positive logic for the gates,, the decimal output must
be inverted from plus five volts to zero volts and from plus one volt to plus
five volts. This is accomplished by using the inverter shown in Figure 12.

The resistors are all 1/4 watt and have a 5%tolerance.

IV.6 Division by Six

To have the clock read in hours, minutes and seconds, a division by six
is needed. This division can be accomplished two ways. These are discussed

in the following subsections.

IV.6.1 By Using AND Gate

The 1/10 seconds counter U should reset all of its binary outputs to
zero at the sixth input-pulse, and the nixie should change from 5 to 0 with-
out indicating six. This can be accomplished by using an AND gate indicated
in Figure 5 and connected as shown in Figure 13, At the sixth incoming pulse,
there are level outputs at B and C. Using the AND gate as shown, the BCD
counter will be reset to zero at the sixth pulse. The output of AND gate

resets U to zero and drives the succeeding Z counter.

1Iv.6.2 By Using Decoder Output

The 1/10 minutes counter Y also must be reset to zero at the sixth pulse.

In this case since the decimal output of counter Y is available from its
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decoder, the counter can be reset to zero using this decimal output (See
Figure 14). The decimal output 6 of the Y decoder is fed to the reset input
of Y and to the succeeding X counter.

There will be a time delay of about 40n secs in both cases before the
counters change from 6 to 0. The nixie cannot respond during this time, and

one can only see it changing from 5 to O.

1IV.7 Block Diagrams

The detailed block diagrams of the clock are shown in Figures 15 and 16,
Note that four rotary switches are used for each ON setting. The switched
contacts are wired in parallel and each wiper contact is connected to a NAND

gate input. The operation of the clock is discussed in V.

Iv.8 Power Supplies

The schematic diagrams of the +5v DC, +200v DC and =6v DC power supplies
are given in Figures 17 and 18.

The five volt supply is an Acopian Model 5A201 regulated power supply
with a line regulation of +0.5%, load regulation of +0.5%, maximum output
load current of 2.1 amperes and an RMS ripple of 5 mv.

The two hundred volt supply for the nixie readout tubes is a zener diode
regulared supply. The output of a full wave bridge rectifier is filtered with
a RC pi filter and then connected to a 200v zener diode through a current
limiting resistor. Since the nixi voltage is not critical (200 + 10%), regu-
lation by the zener diode is more than adequate.

The minus six volt supply is a standard transistorized regulared supply.

This design has been used many times in other equipment at the Geophysical
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NOTES:

1. Boxes K,L,M Are Similar to Box J Except that They Have Different Number of
Decimal Outputs As Shown in Diagram 4

2. DE — Binary to Decimal Decoder

3. NI — Nixie Readout Tube

4. @O — Inverter

Fiaure 16. Detailed Block Diagrams of the Preset Logic and of the
Decoders (see also Figure 15)
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Observatory. Line, Load and ripple specifications are similar to those of the

plus five volt supply except the maximum current is 100 ma.
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V. OPERATION OF THE CLOCK

The given 106 ¥z supply frequency is counted down to 1 Hz by using five
SN7490N decade counters in cascade, Figures 6, 15 and 16 describe the clock
in detail.

W, X, ¥, Z, U and V are the decade counters (SN7490N) that drive the BCD
to decimal decoder/driver and the nixie indicator, A BCD-to~decimal decoder/
driver is connected in parallel with the other decoder/driver for counters
W, X, Y and Z. The decimal outputs of the decoder are shown in Figure 9b..
Since these outputs are inverted with respect to the standard logic levels,
each decimal output drives an inverter (Figure 12). The decimal outputs from
the inverters of each counter are connected in parallel to the four rotary
switches corresponding to the four ON settings. The line selecting terminal
of each rotary switch corresponding to the pth decoder (p =W, X, Y and 2Z)
and the nth OM setting (a = 1, 2, 3 and 4) goes to the nth NAND gate. When
the nth ON setting (n = i) coincides with the indicated time, the output fi
is 0, and the outputs of the remaining NAND gates, fm!i’ n=1 2 3, 4 are
one, f_, f

1’ T2’ f3
f. =0and f
i n

and f4 are the inputs to NAND gate five. At the ith setting,

=1, B=1, 2, 3, 4. Therefore f =1, which operates the relay

#i
to record the data.

The operation of the clock has to be independent of the number of ON set-
tings that are being used at a time, To achieve this, each ten hour rotary
switch is provided with a ground point. If any of the four ON settings are
not required, the corresponding tem hour rotary switches should be kept at the
OHF position (ground point}.

The setting of the clock and its automatic change from 2359:59 to 0000:00

are explained under the respective titles.
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The digital clock with four ON settings has been built and is working to
the desired specifications. Some of the salient features of the clock are

discussed in the next section.
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VI. SALIENT FEATURES OF THE DIGITAL CLOCK

The switches corresponding to the first of the four ON settings are
used to set the clock. Since the synchronization of the clock to

a given time is accomplished manually by pushing a button, an in-
accuracy, depending upon how well one can synchronize, 1s introduced
in the indicated time. If higher accuracy of the indicated time iIs
required, electronic rather then manual synchronization is recom-
mended. This can be accomplished by using a pulse generated from
WWV, or other suitable source, to turn on a transistor. The tran-
sistor would provide the ground path to replace the push button.

If more ON settings are required, a NAND gate with inputs equal to
the number of ON settings IS needed. The maximum number of possible
ON settings Is sixty, The limiting factor is the collector current,
I, of the inverter transistor (2N3381). The ICMAX of the 2N3391

is 100 ma. At logic 0 the maximum current from the NAND gates

(SN744N) is 1.6 ma. The number of ON settings, N, is determined

b

by the following equation.

= (i + +
ICMAX (inverter load current) (gates current)
(gate current for time change 2359:59 to 0000:00)
I _ (Vcc)MAX + nl + <Vcc)MAX
CMAX (RL)MIN L (R)MIN
5 X 1.05 5X1.05
100 == — = tl.6n + ——F——7+
M =0.95 x 10k * +-®® " 0.95 x 2K

n = 60
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In the event of a power failure of one-third of a second or longer,
all logic is lost and the clock will reset itself to the time set
on the first ON setting. The indicated time on the clock will be
inerror. To prevent this difficulty, it is advisable to run the
clock on batteries charged by the line supply.

The accuracy of the clock's indicated time is limited by the oscil-
lator accuracy and stability. Long term frequency stability of the
200 KHz oscillator is 1 X 10_6 per day. |If better stability is
required, the clock is provided with a 1 Mz external input, The
input must be 0 to +5 volts positive pulse or a 5 volt peak-to-
peak sine wave biased to a plus 2.5 volts.

The total power consumption of the digital clock is approximately

10 watts.
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